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1
ILLUMINATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 60/591,313, filed Jul. 27, 2004, and U.S.

Provisional Application No. 60/592,073, filed Jul. 29, 2004.

TECHNICAL FIELD OF THE INVENTION

The present mnvention relates to 1llumination systems and,
more particularly, to an i1llumination system that produces a
beam of light having a substantially circularly symmetric
irradiance distribution from a lamp having a plurality of linear
light emitting elements.

BACKGROUND OF THE INVENTION

The Ellipsoidal Reflector Spotlight (ERS) and the Para-
bolic Wash light (PAR) are two of the most popular lighting,
fixtures used 1n theatre, television, and architectural lighting.
Certain ERS and PAR lighting fixtures employ an incandes-
cent High Performance Lamp (HPL) that includes a plurality
of linear, helically-wound filaments arranged with their lon-
gitudinal axes substantially parallel with each other and
arranged with their longitudinal axes spaced substantially
symmetrically about a central longitudinal axis. Such ERS
and PAR lighting fixtures typically have a reflector to collect
the light from the lamp and direct it forward out of the fixture.

When an HPL lamp 1s used with a reflector having a cir-
cularly symmetric cross section, the irradiance distribution of
the forwardly directed beam 1s not circularly symmetric.
Rather, the 1rradiance distribution 1s characterized by a num-
ber of “hot spots” surrounding a central minimum, or void.
The number of hot spots 1s equal 1n number to the number of
helically wound filaments contained 1n the HPL lamp. The
central minimum 1s due to the fact that no light emitting
clement 1s located along the lamp’s central longitudinal axis.

FIGS. 1A, 1B and 1C show an HPL lamp 100 with four
helically-wound filaments 102, 104, 106 and 108 arranged
with their longitudinal axes substantially parallel with each
other and with their longitudinal axes spaced substantially
symmetrically about a central longitudinal axis 105. The
lamp includes a base 110, a transparent enclosure 112, and a
pair of msulating filament support structures 116. FIG. 1C
shows an electrical conductor 117 connecting the filaments so
that they operate electrically 1n series.

The four emitting filament sections 102, 104, 106 and 108
are composed of tightly wound helical coils, each of which
emits light and 1n certain directions, block the light emitted
from other filaments, creating shadows. These shadows are
visible in the lamp’s intensity distribution. Intensity 1s defined
as the lumens or power directed 1nto a given solid angle. The
filament shadows create inconsistencies 1n a beam of light
formed by collecting the light from the lamp and directing 1t
forward with a typical prior art reflector.

FIG. 2 illustrates an intensity distribution graph 200, mea-
sured 1 a plane that 1s perpendicular to the HPL lamp’s
central longitudinal axis. The intensity data 1n the graph are
generated 1n the following manner. The HPL lamp 1s burned
base downward 1n a vertical orientation, while an 1ntensity
meter 1s moved 1n a circle centered on the lamp’s central
longitudinal axis. At each angle around the circle, the mnten-
sity 1s noted. Plotting the intensity versus angular position on
a set of polar axes produces the intensity distribution graph

200. A number of filament shadows 202, 204, 206, 208, 210,
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2

212, 214 and 216 are present in the beam. For clanty, the
positions of the HPL filaments 102, 104, 106 and 108 are

superimposed on the graph.

Prior art Ellipsoidal Reflector Spotlight (ERS) optical sys-
tems that employ the HPL lamp also employ a reflector gen-
crated from an ellipsoidal or near-ellipsoidal curve, typically
referred to as an ellipsoidal reflector. A generator curve 1s
rotated about the lamp’s central longitudinal axis to form a
reflecting surface. FIG. 3 shows an ellipsoidal or near-ellip-
soidal generator curve 302, an HPL lamp 100 and 1ts central
longitudinal axis 105, and an optical axis 304 of the ERS
system, which 1s coincident with the lamp’s central longitu-
dinal axis 105. A dotted curve 308 depicts the opening of the
reflecting surface, and a circular arrow 310 depicts the sense
of rotation as the generator curve 302 1s swept around the
optical axis 304 of the ERS system.

FIG. 4 shows an orthogonal view of areflecting surface 400
resulting from application of the prior art method described
with regard to FIG. 3. The reflecting surface 400 has a smooth
bowl-like shape. Since the generator curve 302 was rotated
about the optical axis 304 of the ERS system, a cross section
402 taken through the retlecting surface 400, 1n a plane per-
pendicular to the optical axis 304 of the ERS system, 1s a
circle.

As described with regard to FIG. 2, the light emitting
filaments 1n the HPL lamp shadow each other. When a smooth
reflector 1s employed 1n the ERS optical system, the filament
shadows tend to be visible 1n the forward propagating beam
projected by the reflector. For this reason, prior art ERS
reflectors for use with HPL lamps often employ facets or
lunes on their surface in an attempt to produce a circularly
symmetric 1irradiance distribution, free from filament shad-
ows and hot spots.

Facets are small planar segments, which are tiled over the
reflector’s surface. Lunes are ribbon-like segments, which
have curvature 1n one direction only, and are also tiled over
the retlector’s surface. The facets or lunes are perturbations of
the smooth reflecting surface profile, and therefore help to
smooth or homogenize the beam formed by the lamp and
reflector. FIG. 5A shows a retlector section 502 that has been
covered with facets 504. FIG. 3B shows a retlector section
506 that has been covered with lunes 508.

A reflective surface formed according to the prior art
method described with regard to FI1G. 3 and faceted or luned
according to the methods described with regard to FIG. 5 has
a generally circular cross section 402. But the cross section
402 1s actually a polygon whose number of sides 1s equal to
the number of facets or lunes through the cross section of the
retlective surface 400.

A small number of large facets or lunes tend to smooth the
irradiance distribution in the projected beam by filling 1n the
filament shadows present in the lamp’s intensity distribution.
However, large facets or lunes also cause a significant devia-
tion from the reflector’s original shape, resulting 1n a decrease
in the efficiency of the optical system. The efficiency of an
optical system 1s defined as the ratio of the power in the
projected beam to the power of the lamp. To preserve effi-
ciency, and minimize the deviation from the reflector’s origi-
nal shape, the size and number of facets or lunes are often
varied across the reflector’s surface. Such an arrangement
smoothes the irradiance distribution of the projected beam,
while minimizing the impact on the optical system efliciency.
FIGS. 6A and 6B show orthogonal and front views, respec-
tively, of a prior art ERS retlector 600 whose surface 1s cov-
ered with lunes of differing sizes and numbers in regions 602,

604 and 606.
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FIG. 7 presents a schematic view of a prior art ERS pro-
jection optics system 700. The ERS optical system 700
includes an HPL lamp 100, a luned ellipsoidal reflector 600,
a projection gate 702, and a projection lens 704. The projec-
tion lens 704 forms an image 706 of the projection gate, or any
object placed therein, on a distant projection surface 708.
Objects placed 1n the projection gate may be referred to as
gobos. Since the projection lens 704 forms an image of the
projection gate 702, the radiometric characteristics of the
beam at the gate location are conveyed to the image 706
formed on the projection surtface 708. Theretfore, if the beam
in the projection gate does not have a desired 1rradiance
distribution, the image projected on the distant surface will
not have the desired irradiance distribution.

FIG. 8 presents a contour map 800 of the 1rradiance distri-
bution of the beam formed by the ERS optical system 700 on
the distant projection surface 708. As described with regard to
FIG. 7, this irradiance distribution 1s also descriptive of the
irradiance distribution of the beam at the projection gate 702.
Each contour 802 on the contour map 800 defines a zone of
constant irradiance, or an 1soirradiance contour. Although the
ERS reflector surface is luned, the beam at the projection gate
does not have a uniform 1rradiance distribution.

As the 1soirradiance contours in FIG. 8 show, the irradiance
distribution 1s not circularly symmetric. The irradiance dis-
tribution has a minimum, or void, at the center 804, which 1s
due to the fact that no emitter 1s located on the central longi-
tudinal axis of the HPL lamp. Furthermore, the irradiance
distribution has four hot spots 806, 808, 810 and 812, which
coincide with the location of the four emitting filaments 1n the
HPL lamp.

Thus, the irradiance distribution map 800 1s rotationally
symmetric, that 1s, if rotated by some multiple of ninety
degrees the resulting map 1s substantially identical to the
original map. However, the map 1s not circularly symmetric.
If rotated by an arbitrary number of degrees (specifically an
angle other than a multiple of mnety degrees) the rotated map
1s not substantially 1identical to the original map.

A Parabolic Wash light (PAR) may also employ the HPL
lamp. In a PAR optical system, a parabolic or near-parabolic
curve 1s rotated about the longitudinal axis of the optical
system to form a reflecting surface, typically referred to as a
parabolic reflector. Because the generator curve 1s parabolic
or near-parabolic, a beam exiting the reflector 1s substantially
parallel to the optical axis of the PAR system. That 1s, the light
beam 1s made up of light rays that are substantially parallel to
cach other and to the optical axis.

A PAR optical system typically consists solely of a reflec-
tor and lamp, although a lens may be placed after the reflector
to further smooth or shape the beam. As described with regard
to an ERS optical system, a parabolic reflector surface 1n a
PAR optical system may be covered with facets or lunes 1n an
attempt to project a beam with a smooth 1rradiance distribu-
tion. However, the irradiance distribution of a beam produced
by such a PAR optical system has a central void and four hot
spots, as described with regard to an ERS optical system.

SUMMARY OF THE INVENTION

The present mvention provides a reflector for use with a
light source having a plurality of linear light emitting ele-
ments arranged with their longitudinal axes substantially par-
allel with each other and spaced substantially symmetrically
about a central longitudinal axis. The reflector and light
source form an eflicient optical system that produces a beam
with a substantially circularly symmetric irradiance distribu-
tion that 1s substantially without hot spots or voids.
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More specifically, aspects of the invention may be found 1n
an 1llumination system having a light source with a plurality
of linear light emitting elements and a concave reflector with
a corresponding plurality of reflecting zones. The light emiat-
ting elements are arranged symmetrically around a longitu-
dinal axis of the light source and the longitudinal axes of the
light emitting elements are parallel to each other. The reflect-
ing zones are aligned with the plurality of light emitting
clements. The illumination system produces a light beam
having a substantially circularly symmetric irradiance distri-
bution.

Other aspects of the invention may be found in a concave
reflector for use with a light source having a plurality of linear
light emitting elements arranged with their longitudinal axes
substantially parallel with each other and spaced substantially
symmetrically about a central longitudinal axis. The reflector
includes a plurality of retlecting zones corresponding to, and
aligned with, the plurality of light emitting elements. The
reflector produces a light beam having a substantially circu-
larly symmetric 1irradiance distribution.

A surface of a reflecting zone may be defined by rotating a
generator curve around an axis of rotation that 1s not coaxial
with the longitudinal axis of the light source.

Further aspects of the invention may be found in a method
for producing a light beam having a substantially circularly
symmetric irradiance distribution from a light source having
a plurality of linear light emitting elements arranged with
their longitudinal axes substantially parallel with each other
and spaced substantially symmetrically about a central lon-
gitudinal axis. Steps of the method include forming a concave
reflector having a plurality of reflecting zones corresponding
to the plurality of light emitting elements, and 1nstalling the
light source coaxially 1n the reflector so that the light emitting
clements are aligned with the reflecting zones.

The step of forming the concave reflector may include the
step of defining a surface of a reflecting zone by rotating a
generator curve around an axis of rotation that 1s not coaxial
with the longitudinal axis of the light source.

As such, a concave reflector, illumination system and
method for producing a light beam having a substantially
circularly symmetric irradiance distribution from a light
source having a plurality of linear light emitting elements
arranged with their longitudinal axes substantially parallel
with each other and spaced substantially symmetrically about
a central longitudinal axis 1s described. Other aspects, advan-
tages and novel features of the present invention will become
apparent from the detailed description of the invention and
claims, when considered 1n conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion and 1ts advantages, reference 1s now made to the follow-
ing description taken in conjunction with the accompanying
drawings, wherein like reference numerals represent like
parts, 1n which:

FIGS. 1A, 1B and 1C depict top, side and front views,
respectively, of a prior art lamp employing four (4) parallel
filaments;

FIG. 2 1llustrates an intensity distribution chart for the lamp
of FIG. 1;

FIG. 3 schematically depicts a prior art ellipsoidal reflector
for use with the lamp of FIG. 1;

FIG. 4 1s an orthogonal view of the prior art reflector
depicted 1n FIG. 3;
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FIG. SA shows a section of a prior art reflector formed with
facets on 1ts surface;

FI1G. 5B shows a section of a prior art reflector formed with
lunes on 1its surface;

FIGS. 6A and 6B are orthogonal and front views, respec-
tively, of a prior art reflector formed with lunes on 1ts surface;

FI1G. 7 presents a schematic view of a prior art ellipsoidal
reflector spotlight (ERS) projection optical system employ-
ing the lamp of FIG. 1;

FIG. 8 illustrates an irradiance distribution chart for the
ERS projection optics system shown 1n FIG. 7;

FIG. 9 1s a schematic view of an exemplary construction
technique for generating a reflecting zone for a reflector
according to the present invention;

FIG. 10 1s an orthogonal view of an exemplary reflector
embodying the present invention;

FIGS. 11 A and 11B are orthogonal and front views, respec-
tively, of a reflector according to the present invention;

FI1G. 12 15 a schematic front view of an exemplary reflector
embodying the present invention, formed with lunes on 1ts
surface; and

FIG. 13 illustrates an irradiance distribution chart for an
Ellipsoidal Retlector Spotlight system employing a reflector
according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

A preferred embodiment of the present mvention 1s a
reflector having a non-circular cross section in a plane per-
pendicular to the reflector’s central longitudinal axis. The
reflector includes reflecting zones equal 1n number to, and
rotationally aligned with, the light emitting elements of a
prior art High Performance Lamp (HPL).

FI1G. 9 depicts a schematic view of an exemplary construc-
tion technique for generating a retlecting zone for a reflector
according to the present invention. FIG. 9 shows a generator
curve 902, an HPL lamp 100 and 1ts central longitudinal axis
105, and an optical axis 304, which 1s defined by the lamp’s
longitudinal axis 105. An axis of rotation 904, which 1s not
coaxial with the lamp’s longitudinal axis 105, 1s also shown.
The axis of rotation 904 may intersect the lamp’s longitudinal
axis 105, and the optical axis 304, as shown, or may lie
parallel to 1t. Axis of rotation 904 1s shown at an angle that
brings the forward tip of generator curve 902 closer to the
optical axis 304, but it may alternatively be defined at an angle
that moves the forward tip of generator curve 902 farther
away from the optical axis 304.

The location and orientation of the axis of rotation 904 1s
determined through an iterative optimization procedure. The
optimization procedure seeks an axis of rotation that maxi-
mizes the circular symmetry of the resulting irradiance dis-
tribution, minimizes hot spots and voids in the irradiance
distribution, and maximizes the resulting optical system eifi-
ciency

A reflecting surface 1s defined by rotating the generator
curve 902 about the axis of rotation 904. Arrow 908 depicts
the sense of rotation during the construction process. A dotted
curve 906 represents an opening of the retlecting surface, and
dotted curve 910, in combination with the generator curve
902, depicts a cross section of the reflecting surface.

The generator curve 902, as shown, 1s an arbitrary curve.
Alternatively, the generator curve used could be a segment of
an elliptical, parabolic or hyperbolic curve or any other curve
described by a polynomaial or other mathematical function. As
1s well known 1n the art, a conventional retlector defined by an
cllipsoidal or near-ellipsoidal curve will produce a converg-
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6

ing light beam, a conventional reflector defined by a parabolic
or near-parabolic curve will produce a substantially parallel
light beam, and a conventional reflector defined by a hyper-
bolic or near-hyperbolic curve will produce a diverging light
beam. Whether a light beam converges, diverges or 1s parallel
1s typically referred to as the angle of the beam.

In contrast, the angle of a light beam produced by a reflec-
tor constructed according to the present mvention 1s deter-
mined not only by the shape of generator curve used, as
described above, but also by the angle that the axis of rotation
904 makes with the optical axis 304. Regardless of the shape
ol generator curve used, the convergence of a beam may be
increased by tipping the forward tip of a generator curve
toward the optical axis. Similarly, as the forward tip of a
generator curve 1s tipped farther away from the optical axis, a
less convergent beam 1s produced. Thus, by selecting a shape
for the generator curve and an angle that the axis of rotation
makes with the optical axis, a designer may create a reflector
according to the present invention that produces a light beam
of a desired angle.

FIG. 10 presents an orthogonal view of a smooth reflector
1000 generated by the method described with regard to FIG.
9. The retlector 1000 1s not useful as generated, since it
produces a beam that propagates in a direction coincident
with axis 904, rather than a beam coincident with the optical
axis 304. A reflecting zone 1006 may be defined by planes
1002 and 1004, which are oriented at 90 degrees to each other,
and whose line of intersection coincides with the optical axis
304. A retlector according to the present invention may then
be defined by duplicating reflecting zone 1006 at 90 degree
increments about the optical axis 304.

FIGS. 11A and 11B show four reflecting zones 1102, 1104,
1106 and 1108 joined together to form an exemplary reflector
1100 according to the present invention. The reflecting zones
1102,1104,1106 and 1108 are positioned and oriented so that
they are rotationally aligned with the four filaments 102, 104,
106 and 108 in an HPL lamp. A cross section taken through
the retlecting surface, perpendicular to the lamp’s central
longitudinal axis, 1s not circular. For clarity, a circle 1110 1s
superimposed on the reflector’s perimeter to illustrate the
deviation of the exemplary reflector’s cross section from a
circle.

FIG. 12 shows a preferred embodiment of the present
invention. Reflector 1200 includes four reflecting zones 1102,
1104, 1106 and 1108, each of which has been fitted with 12
lunes 1202 for a total o1 48 lunes on surface of retlector 1200.
Due to the construction technique employed to generate the
reflecting zones, the embodiment shown in FIG. 12 has a
noncircular lamp access hole 1204. However, for conve-
nience of manufacture, the lamp access hole 1204 can be
made slightly oversized and round.

The four reflecting zones 1n the exemplary retlectors shown
in FIGS. 11 and 12 aim the light from their associated HPL
lamp filament toward the optical axis. The superposition of
flux from each combination of emitter and reflecting zone
produces a beam with a circularly symmetric irradiance dis-
tribution, as shown in FIG. 13. In this plot, the 1soirradiance
curves 1302 are generally circular. Furthermore, the four-fold
symmetry of the HPL lamp emitters 1s no longer visible in the
projected beam.

The embodiment of the present invention described 1n this
disclosure 1s a reflector for use with an HPL lamp having four
linear, helically-wound 1incandescent filaments. However, 1t
will be apparent to one of ordinary skill in the art that a
reflector according to the present invention may be employed
with lamps having other numbers of linear light emitting
clements which are parallel to each other and are also parallel
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to the lamp’s central longitudinal axis. For example, such
lamps could be have two, three, five, eight, or any other
number of elements.

Furthermore, the linear light emitting elements need not be
comprised of helically-wound incandescent filaments. The
clements may be multiple HID arc lamps, mounted parallel to
cach other and equally spaced around a central longitudinal
axis. A single HID arc lamp, comprised of multiple light
emitting volumes, each enclosed 1n a common burner and
equally spaced about a central longitudinal axis, may also be
employed. The linear light emitting elements may also be a
parallel arrangement of optical fibers, whose surfaces have
been scored to allow light to escape along their length. Alter-
natively, the elements may be a plurality of fluorescent tubes,
either separate lamps or a single lamp with a number of
parallel tubes arranged about a central longitudinal axis. One
skilled 1n the art will recognize that other light sources having
multiple linear light emitting elements may also be used with
a reflector according to the present invention.

The above disclosure describes embodiments of the
present invention for use 1n an ellipsoidal reflector spotlight
(ERS) and a parabolic wash light (PAR). However, one
skilled 1n the art will recognize that a reflector according to
the present invention may be employed to collect and redis-
tribute light from a plurality of parallel linear light sources in
optical systems 1n a number of other applications, as well. For
example, such optical systems might include cinema projec-
tion systems, theatrical follow-spotlight systems, digital pro-
jection systems employing digital micro-mirrors, digital pro-
jection systems employing reflective or refractive liquid
crystal displays, rear projection televisions, fiber optic 1llu-
minators, and head up display 1lluminators.

Finally, the preferred embodiment depicted in FI1G. 12 1s a
reflector whose surface 1s covered with 48 lunes. Other face-
ting or luning strategies may also be employed. A reflector
according to the present invention may be covered with sev-
eral courses of lunes, and the size and number of the lunes in
cach course may be varied over the retlecting surface. Addi-
tionally, a first portion of the reflecting surface may be luned,
while a second portion of the reflecting surface may be fac-
eted.

What 1s claimed 1s:

1. An illumination system for producing a light beam,

comprising;

a lamp comprising a plurality of linear light emitting ele-
ments arranged with their longitudinal axes substan-
tially parallel to each other, wherein the linear light
emitting elements are positioned at different angles
around a longitudinal axis of the lamp; and

a concave reflector aligned with the longitudinal axis of the
lamp, comprising a plurality of reflecting zones, which
are equal in number to and rotationally aligned with the
plurality of linear light emitting elements 1n the lamp,

wherein at least one of the reflecting zones reflects light
from at least two of the linear light emitting elements
that are positioned at different angles around the longi-
tudinal axis of the lamp, and wherein the light beam has
a substantially circularly symmetric irradiance distribu-
tion.

2. The i1llumination system of claim 1, wherein the light
beam produced by the lamp and concave reflector converges,
turther comprising;:

a gate having an aperture aligned with the longitudinal axis

of the lamp positioned substantially at the convergence
of the light beam; and
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a lens aligned with the longitudinal axis of the lamp and
positioned on the side of the gate opposite the incandes-
cent lamp,

wherein the lens has a focus located near the gate and
produces an 1mage of the gate at a plane located on the
side of the lens opposite the gate.

3. The illumination system of claim 1, wherein the light
beam produced by the lamp and concave reflector comprises
substantially parallel light rays.

4. The illumination system of claim 1, wherein the light
beam produced by the lamp and concave reflector diverges.

5. The illumination system of claim 1, wherein the concave
reflector further comprises lunes.

6. The 1llumination system of claim 1, wherein the plurality
of light emitting elements numbers four and the light emitting
clements are helically wound 1incandescent filaments.

7. A concave reflector for use with a lamp comprising a
plurality of linear light emitting elements arranged with their
longitudinal axes substantially parallel to each other, wherein
the linear light emitting elements are positioned at different
angles around a longitudinal axis of the lamp, the concave
reflector comprising:

a plurality of reflecting zones equal 1n number to the plu-
rality of linear light emitting elements contained 1n the
lamp,

wherein when the concave reflector 1s aligned with the
longitudinal axis of the lamp and the reflecting zones of
the concave reflector are rotationally aligned with the
plurality of linear light emitting elements, at least one
reflecting zone reflects light from at least two linear light
emitting elements that are positioned at different angles
around the longitudinal axis of the lamp, and the con-
cave reflector produces a beam of light having a substan-
tially circularly symmetric 1irradiance distribution.

8. The concave reflector of claim 7, wherein the light beam

produced by the concave reflector converges.

9. The concave reflector of claim 7, wherein the light beam
produced by the concave reflector comprises substantially
parallel light rays.

10. The concave reflector of claim 7, wherein the light
beam produced by the concave retlector diverges.

11. The concave reflector of claim 7, wherein the concave
reflector further comprises one of lunes and facets.

12. The concave reflector of claim 7, wherein a surface of
one of the plurality of retlecting zones 1s defined by a genera-
tor curve rotated around an axis of rotation that 1s not coaxial
with the longitudinal axis of the lamp.

13. The concave reflector of claim 12, wherein the genera-
tor curve 1s defined by an arbitrary curve.

14. The concave retlector of claim 12, wherein a shape of
the generator curve 1s defined by a mathematical function.

15. A method for producing a beam of light from a lamp
comprised of a plurality of linear light emitting elements
arranged with their longitudinal axes substantially parallel
with each other, wherein the linear light emitting elements are
positioned at different angles around a central longitudinal
axis of the lamp, comprising the steps of:

forming a concave reflector comprising a plurality of
reflecting zones equal 1n number to the plurality of linear
light emitting elements 1n the lamp; and

installing the lamp coaxially in the concave reflector such
that the retlecting zones are rotationally aligned with the
plurality of linear light emitting elements 1n the lamp
and at least one reflecting zone reflects light from at least
two linear light emitting elements that are positioned at
different angles around the longitudinal axis of the lamp,
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wherein the light beam has a substantially circularly sym-
metric wrradiance distribution.

16. The method of claim 15, wherein the light beam pro-
duced by the lamp and concave reflector converges, further
comprising the steps of:

positioning a gate having an aperture aligned with the
longitudinal axis of the lamp substantially at the conver-
gence of the light beam; and

positioning a lens aligned with the longitudinal axis of the
lamp on the side of the gate opposite the incandescent
lamp,

wherein the lens has a focus located near the gate and
produces an 1image of the gate at a plane located on the
side of the lens opposite the gate.

10

10

17. The method of claim 15, wherein the light beam pro-
duced by the lamp and concave retlector comprises substan-
tially parallel light rays.

18. The method of claim 15, wherein the light beam pro-
duced by the lamp and concave reflector diverges.

19. The method of claim 15, wherein the step of forming
the concave reflector comprises the step of forming a one of
lunes and facets in the surface of the concave retlector.

20. The method of claim 15, wherein the step of forming
the concave reflector comprises the step of defining a surface
of a one of the plurality of reflecting zones by rotating a
generator curve around an axis of rotation that 1s not coaxial
with the longitudinal axis of the lamp.

¥ ¥ H ¥ H
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